ABSTRACT:The aim of this study was to investigate the effects of dietary supplementation with three levels of thyme (5, 10 and 15 g/kg) and its essential oils (0.5, 1.0 and 1.5 g/kg) on growth performance, blood profiles, immune response and antioxidant status in broiler chickens. A total of one hundred-forty day-old unsexed broiler chicks were randomly allotted to 7 equal groups, each with 4 replicates, and kept in battery cages. Feed and water were offered ad libitum till the termination of the trial at 6 weeks of age. Growth performance and blood parameters were measured. The control group and the group fed 5 g/kg thyme were significantly better in their LBW and BWG as compared to other groups in the first three weeks of study and whole experimental period. On the other hand, feeding the diet having 5 g/kg thyme enhanced feed intake during the starter and whole experimental periods as compared to other groups. Broilers fed the diet fortified with1.0 g/kg thyme oil displayed significantly better feed conversion ratio than did other experimmintal groups during the starter and whole experimintal periods. Dietary treatments had no significant effect on the plasma levels of total lipids, triglycerides and total protein as well as activity of AST and ALT. It was observed that broiler chickens fed the diets conaining thyme and/or essential oils exhibited higher concentration of plasma HDL compared with the control group, with the highest concentration of HDL in 15 g/kg thyme-group. On the other hand, dietary supplementation with thyme or its essential oils led to a significant reduction in plasma LDL compared with control group. The humoral immune response was improved in broiler chickens fed the treated diets as evidenced by a significant increase in immunoglobulins (IgG, IgA and IgM) compared with the control group. It is of great interest to notice that thyme and its essential oils administred-groups significantly increased TAC but decreased MDA as compared to the control group. Findings from this study highlighted the beneficial effect of thyme supplementation in diets at the rate of 5.0 g/kg on cholesterol , immunity and antioxidant status of broiler chickens
INTRODUCTION
Thyme (Thymus vulgaris) is one of regular restorative plants, known for their antibacterial properties, fundamentally because of their dynamic parts thymol and carvacrol, which break down the external layer of microbial cell (Helander et al., 1998) . Thyme is herbaceous perennial evergreen herb grown in Mediterranean regions and classified among the most important medicinal plants due to its antioxidant and antibacterial properties, which received progressive global attention. Additionally, it has been reported that thyme has an antagonistic effect against a wide range of microbial pathogens due to its antioxidant, anti-coccidial and antibacterial activities as well as its appetite inducing effects (Varel, 2002) . The fundamental dynamic substance of thyme is thymol as phenolic part which usually utilized as antibacterial agent (ElGhousein and Al-Beitawi , 2009 and Toghyani et al., 2010) . Herbs that are rich in such flavonoids as thyme extends the activity of vitamin C, which acts as an antioxidant furthermore, may in this manner improve the immune function (Manach et al., 1996) . Thymol and carvacrol could have positive effects on performance and growth of broiler chickens. They also have antioxidant, antibacterial, antifungal and anticoccidial impacts. These active components of thyme can promote the health status and immune defense of the host animals, particularly during environmental and physiological stress and critical situations. They also can improve the intestinal absorpability of nutrients and assist the animal to develop better. Herbs and herbal products are incorporated in poultry diets to stimulate their productive performance. Plant extracts and spices as mixed or as single compound preparations can play a role in reinforce both health status and production performance of the animal (Manzanilla et al., 2001) . It is worth noting that several free radicals including hydroxyl, superoxide and hydrogen peroxide are generated due to the typical metabolic action and are distributed through various routes. However, these radicals might cause physiological threats (e.g. tissue damage and/or lipid peroxidation of fatty acids) due to stress factors, which cause antioxidant deficiency and the generation of free radicals ( Gumus et al., 2017) Attributable to the phenolic mixes (carvacrol and thymol) it contains, thyme has antioxidant properties (Lawrence, 2005) . Thymol and carvacrol are demonstrated to have a potent antioxidant activity in volatile oils of thyme. In this manner, this study was intended to assess the effect(s) of dietary thyme and its essential oils on performance, blood profile and immune responses of broiler chickens. Cobb 500 one-day-old broiler chickens (n=140) were divided into seven treatment groups, each of them included four replicates (cages). The groups were assigned to seven dietary treatments: control group (basal diet), 0.5 g/kg thyme essential oils group, 1.0 g/kg thyme essential oils group, 1.5 g/kg thyme essential oils, 5.0 g/kg thyme group, 10.0 g/kg thyme group and 15.0 g/kg thyme group. Broilers were reared in battery cages having 0.168 m 3 (70 cm length, 60 cm width and 40 cm height), and birds were fed with their respective experimental diets up to 42 days of age according to nutritional program. Chickens were reared using a starter diet from the first up to the day 21 of age (3153 kcal of ME/kg and 22.95% CP). Thereafter, chickens were fed using grower diet (3199 kcal of ME/kg and 19 % CP) from 21 to 42 days of age. The experimental diets were formulated to satisfy the recommended doses of broiler chickens nutrition according to NRC (1994) . Feed in mash form and fresh water were given freely. The composition and chemical analysis of the experimental diets are shown in Table 1 .
MATERIALS AND METHODS

Performance of broiler chickens:
Based on replicate group basis feed intake (FI), live body weight (LBW) and body weight gain (BWG) were weekly measured throughout the experiment. Consequently, feed conversion ratio (FCR) was calculated as a gram feed : gram gain. Chickens were weighed (in grams) at early morning before receiving any food or water at the beginning of the experiment and at weekly intervals until the end of the experiment. Weekly records on FI and BWG of broilers were also calculated on a replicate group basis.
Carcass traits:
At the termination of the study (42 day of age), four birds per treatment were randomly chosen for slaughtering to collect their liver, gizzard, heart and lymphoid organs (spleen, bursa of Fabricius and thymus). 
Statistical analysis:
The acquired data were subjected to statistical analysis using one-way analysis of variance (SAS, 2006 ). Duncan's multiple range test was utilized to separate significant differences among means (Duncan, 1955) .
RESULTS AND DISCUSSION
Growth performance
The effects of dietary supplementation with thyme and its essential oils on broiler chickens' performance at 21 and 42 days of age are presented in Table 2 . There were significant differences in LBW, BWG, FI and FCR of broilers fed the different experimental diets. The control group was significantly better in LBW and BWG as compared to all other groups (except the group fed 5 g/kg thyme) in the first three weeks of study and whole experimental period. Moreover, , feeding the diet supplemented with 5 g/kg thyme enhanced FI during the starter and whole experimental periods as compared to other groups. Broilers fed the diet fortified with 1.0 g/kg thyme essential oils displayed significantly better FCR than the other experimmintal groups during the starter and whole experimintal periods. These results agree with those of Lee et al. (2003) , who found that 200 mg/kg thyme in the diet did not influence the BWG, FI, and FCR of female broilers. Also, Toghyani et al. (2010) revealed that the low dosage (5.0 g/kg) of thyme had a significant positive impact on broiler BW and FCR, while the high level (10.0 g/kg) did not exert such impact. Najafi and Torki (2010) found that the broiler chicks which was fed 200 mg thyme essential oils per kg diet had significantly higher LBW and FCR. On the other hand, Tekeli et al. (2006) found that added dietary thyme had no beneficial effect on broilers performance.
Also, dietary supplementation of thyme powder or thyme essential oils did not significantly affect the performance of broiler chickens (Demir et al., 2008) .Also, , dietary inclusion of thyme powder significantly increased body weight when it was added at a level of 5 g/kg and significantly improved both daily weight gain and body weight when added to the diet at levels of 0.5, 1.0, 1.5 and 2.0% (Safa and Al-Beitawi, 2009 ). On the contrary, Cross et al. (2002) observed no significant differences in weight gain of chickens fed diets fortified with garlic and thyme extract. Moreover, Thakar et al. (2004) showed that thyme extract powder decreased broiler chicken weight compared with the control.
Carcass yield
The data of carcass parameters are shown in Table 3 . It could be detected that inclusion of thyme and its essential oils in the broiler diet did not have any significant effect on weight of giblets (heart, gizzard, liver) or immunity organs (spleen, bursa and thymus). Percentages of immunity organs as indicators of immune situation were improved in the groups fortified with thyme and its essintial oils compared with the control group. The active compounds of thyme essental oils has been reported to have promoting effects on gastrointestinal tract and immune system and can improve growth and health status of birds (Toghyani et al., 2010 and Kalantar et al., 2017) . Ocak et al. (2008) reported that relative carcass weight of broilers was not affected by the inclusion of 0.2% thyme leaves in the diet. In accordance with the present results, Sarica et al. (2005) demonstrated that using the extractions of two natural herbs (thyme and garlic) did not show significant effect neither on carcass components nor on weights of heart, liver, gizzard and spleen of broiler chickens. Hernandez et al. (2004) reported that using combination of two herbal extracts had no significant effect on carcass characteristics. The results of the present study are also in agreement with the results of Mandal et al. (2000) who showed that essential oils had no significant effect on performance of carcass yield of broiler chickens. In contrast, Alçiçek et al, (2003) found that the use of herbal extract in broiler diet resulted in an improvement in carcass yield but had no significant effect on abdominal fat percentage. Similar to the results obtained in this study, Denli et al., 2004 also showed that carcass percentage was not influenced by dietary treatments but the supplementation of the diet with thyme essential oils significantly decreased abdominal fat weight and percentage.
Blood lipids profile
The effects of added dietary thyme and its essential oils on plasma concentrations of total lipids, triglycerides, cholesterol, HDL and LDL of broiler chickens are shown in Table 4 . Plasma levels of total lipids and triglycerides were not affected by dietary supplementation with thyme or its essential oils for broiler chickens. However, the experimental groups fed the fortified-diets achieved significantly higher concentration of HDL, particularly when the level of thyme reached 10 g/kg. On the other hand, dietary supplementation with thyme and its essential oils caused a significant decrease in plasma levels of LDL compared with the control group. These results are in accordance with those of Bölükbaş et al. (2006) , who reported that supplemental dietary thyme oils increased plasma level of HDL-cholesterol in broilers. Similarly, Gumus et al. (2017) reported that plasma LDL levels were significantly lower in treatments recieved thyme essential oils at levels of 150 and 450 mg/kg compared with that of the control group. Our results disagree with the findings of Najafi and Torki (2010) , who observed that plasma cholesterol and triglycerides levels were not affected by dietary supplementation of thyme essential oils in broiler chicks. Additionally, supplementation of 5.0 and 10.0 g/kg of thyme powder into broiler diets did not influnce serum levels of cholesterol and triglyceride but serum levels of HDL-cholesterol were significantly higher with birds fed the diet containg 10 g/kg of thyme powder (Toghyani et al., 2010) . Furthermore, Lee et al. (2003) reported that addition of thymol to broiler chickens diets did not significantly influnce plasma triglyceride. The significant decrease observed in the serum LDL levels of the groups that received 150 and 450 mg/kg of thyme essential oils in the study of Gumus et al. (2017) may be attributable to the possible impact of thyme on the hypolipidemic mechanism but added thyme essential oil did not alter serum levels of triglycerides, cholesterol or HDL.
Blood plasma protein and liver enzymes:
Results of plasma parameters (total protein, albumin, AST and ALT) for the different experimental groups of broiler chickens fed diets supplemented with thyme and its essential oils are presented in Table 5 . Feeding the diets fortified with thyme and essential oil had no significant effect on plasma total protein or activity of transaminases (AST and ALT). However the experimental groups received the diets containing 10 and 15 g/kg thyme exhibited higher concentration of plasma total protein compared with the other groups. Theseresults are in harmony with those of Ragaa et al. (2016) , who found that dietary thyme supplementation had no effect on liver function. The results of the study of Toghyani et al. (2010) stated that the effect of dietary supplementation with 5 and 10 g/kg thyme did not alter concentration of serum total protein in broiler chickens. On the other hand, Belenli et al. (2015) found that the serum total protein level was significantly lower in thyme essential oils-supplemented group than that of the control broiler chicks. Nevertheless, serum albumin level was significantly higher in the thyme essential oils (100 ppm)-supplemented group as compared to the other experimental groups.
Immune response and antioxidant status
The effects of dietary supplementation with thyme and its essential oils on plasma immunoglobins (IgG, IgA and IgM), total antioxidant capacity (TAC) and malondialdehyde (MDA) of broiler chickens are shown in Table 6 . The results related to humoral immune response of broiler chickens showed a significant increase in immunoglobulin A and G in the groups supplemented with thyme essential oils (0.5 , 1.0 and 1.5 g/kg) and thyme (5, 10 and 15 g/kg) compared with the control group. It is of great interest to notice that groups of broiler chickens administered thyme and its essential oils displayed significantly higher level of plasma TAC as compared to the control group Similarly, MDA was significantly lower in treated groups compared with the control group. In this respect, Acamovic and Brooker (2005) reported a stimulating effect of polyphenol fraction of thymol oil of on the mononuclear phagocyte system, cellular, and humoral immunity. The current results are in agreement with those of Jameel et al. (2014) , who found that supplementing broilers diet with blend of 1% thyme plus 1% garlic could improve the immune response and blood profile of broilers. Gumus et al. (2017) showed that thyme essential oils significantly improved the liver function and the serum activity of CAT and GSH-Px. They also extrapolated that, as the most significant indicator of lipid peroxidation, MDA levels may decrease in both the liver and serum in response to feeding the thyme essential oilssupplemented diets. Research has demonstrated that the active substances of thyme essential oils (thymol and carvacrol) significantly decrease the lipid peroxidation in tissues (Nieto et al., 2011) . These outcomes concur with the discoveries of ElHack and Alagawany (2015) that serum SOD activity and GSH levels were significantly increased in the broilers groups fed diets supplemented with thyme. They also stated that muscle MDA levels were significantly decreased by the addition of 9.0 g thyme/kg. Alipour et al. (2015) found that dietary supplementation with thyme oil extract (50, 100, 200, or 400 ppm), especially the level of 100 ppm, can improve immunological responses of broiler chicks. Jameel et al. (2014) proposed that enriching the broilers diet with a blend of 1% thyme plus 1% garlic could improve the immune response and blood profile of broilers. Radwan et al. ( 2008) reported that supplemention of 0.1% thyme to laying hens diet gave better antibody production response as compared to the control group. Since thyme oils extract likely acts as an antioxidant, it is conceivable that high doses could prevent initial increase of reactive oxygen species that are important to stimulate lymphocytes of broiler chickens (Placha et al., 2014) . Hashemipour et al. (2013) found that supplementation of the broiler diet with equivalent blend of thymol and carvacrol at 4 levels (0, 60, 100, and 200 mg/kg) linearly enhanced the activity of SOD and GSH-PX and decreased the level of MDA in serum in broilers at 42 d of age compared with those fed the control diet.
CONCLUSION
In view of the present outcomes, it may be concluded that dietary supplementation with thyme (5.0 g/kg) can improve the effectiveness of feed usage, and immune status of broiler chickens. Furthermore, supplemental thyme can induce an advantageous impact on the lipid profile and oxidative status of broiler chickens. 
